Lamins are components of the nuclear lamina, a protein network that provides a framework for the nuclear envelope and interacts with chromatin and the cytoskeleton. Lamins A and C are encoded by the same gene (LMNA) by alternative splicing. Lamin A undergoes serial post-translational modifications on the CaaX-box at its C terminus: (1) farnesylation of the cysteine, (2) cleavage of the -aaX tripeptide, (3) methylation of the farnesylated cysteine and (4) proteolytic removal of the 15-residue C-terminal peptide containing the farnesylated cysteine. Mutations in LMnA that preclude this proteolytic processing or, in FACE1/Zmpste24, the gene encoding its processing enzyme, 1 cause human premature aging diseases, such as Hutchinson-Gilford progeria syndrome (HGPs) and restrictive dermopathy (RD). 2 Other mutations in LMnA are responsible for a variety of human diseases, collectively known as laminopathies. However, the molecular mechanisms underlying the phenotypic heterogeneity of these genetic disorders remain obscure, although a genome-wide alteration of the epigenome might explain it partially. 3 in a previous study, susana Gonzalo's group shed some new light onto the functional role of lamin A. 4 it was already known that lamins participate in the maintenance of genomic stability through the stabilization of 53BP1, a component of the DnA damage response pathway (DDR). 5, 6 Thus, embryonic fibroblasts lacking lamin A/C exhibited increased basal levels of γH2AX, chromosome breaks, defects in telomere chromatin architecture, impaired maintenance of telomere length and, most importantly, a hindered ability to process dysfunctional telomeres by long-range nHeJ. 5 in their more recent work, the same group went beyond and provided experimental evidence showing that lamins also participate in the short-range DsB repair pathway induced by ionizing radiation, apparently in a 53BP1-dependent manner.
The competition between the nHeJ and the high-fidelity homologous recombination repair pathways (HR) is well-established. However, and contrary to this general rule, lamin A/C-deficient cells with decreased nHeJ repair were not more proficient in the HR pathway. intriguingly, Redwood et al. showed that the HR pathway is compromised in lamin A/Cdeficient cells by transcriptional downregulation of RAD51 and BRCA1, two key components of the HR machinery. Accordingly, laminsdeficient cells exhibit increased radiosensitivity. 4 By following an intelligent candidate approach, they were able to experimentally demonstrate that this transcriptional inhibition was carried out specifically by the repressor complex formed by the Rb family member p130 and e2F4. This is the first time that lamins were shown to be involved in the transcriptional regulation of the HR repair pathway. This observation is of special interest considering that HGPs and Zmpste24 -/-fibroblasts have increased nHeJ activity at expense of a reduction of HR (Fig. 1) . 6 Thus, subtle variations in lamin A function might affect the DDR pathway in very different manners, such as destabilizing 53BP1 and RB or downregulating RAD51/ BRCA1. Unraveling the specific alterations associated to each LMNA mutation will facilitate understanding the role of DDR defects in the development of human laminopathies.
Much has been learned about the function of lamins in DnA repair over the last years. Lamin A/C-deficient mice do not show an increased rate of tumorigenesis 7 despite the severe defects in the two main pathways of DnA repair (nHeJ and HR) reported by Gonzalo's group. This fact, together with the observed repair of DnA DsBs in the absence of canonical nHeJ and HR in laminA/C-deficient MeFs, points towards the in vivo operation of alternative DDR repair pathways and opens up new avenues for research in the field. Finally, it is interesting to note that LMNA expression is reduced/absent in undifferentiated or proliferative cells but is observed in differentiated or non-proliferative cells, such as quiescent adult stem cells. Taken together, and considering the link between age-related nuclear envelope defects, DnA damage accumulation and stem cell dysfunction in HGPs, 8, 9 it becomes now more evident that the therapeutic response of a tumor (i.e., radioresistance) can be drastically affected by the status of LMnA expression in the cancer stem cells and their niches. Figure 1 . Lamin A and genome stability. in the absence of lamin A/C, the structure of the nuclear envelope is compromised and the stability of 53BP1 is decreased, causing a reduction in the nHeJ repair pathway. However, lamin A/C deficiency also leads to increased formation of p130/e2F4 complexes, which in turn bind to the RAD51 and BRCA1 promoters, inhibiting their transcription and ultimately provoking a reduction in the HR repair pathway.
